SUMMARY
INTRODUCTION
There is a relationship between the trend towards obesity and asthma. Moreover, it has been reported that asthma symptoms are associated with obesity (1) . Different hypothesis has been proposed regarding this relationship between obesity and asthma. First one relies on the facts that obesity leads to a decrease in lung volumes including the tidal volume which may increase airway obstruction, adipose tissue derived hormones and cytokines such as leptin, adiponectin, tumor necrosis factor and interleukins play an inflammatory role (2) . Moreover diseases associated with obesity such as gastro-esophageal reflux and sleep disordered breathing may worsen asthma (2) . However, there are contradictory results in both adult and childhood researches about the association of obesity with severity of asthma (2) (3) (4) (5) (6) . Some report that obesity increases asthma symptom and severity while some report that obesity does not have a significant influence on asthma severity and control (3) (4) (5) (6) .
Current guidelines including the Global Initiative for Asthma (GINA) support the idea that asthma treatment needs to be based on patient reported outcomes and control (7) . It has been emphasized that health related quality of life needs to be included in the concept of control besides symptom control. This requires the use of validated questionnaires for estimation of control since subjective evaluation of the physician may not be adequate (8, 9) . Moreover, many different factors including socioeconomic status, mood of the child and parent as well as treatments used may influence asthma control (10, 11) . Therefore, it is important to assess different factors that may influence asthma control to target them in the action plan of asthma treatment. Therefore, the aim of this study was to evaluate the association between obesity and asthma control evaluated on the basis of symptomatology and quality of life (QoL).
MATERIALS and METHODS

Study Population
Ninety eight children aged between 4 and 14 years diagnosed with asthma were included in the study before any treatment was initiated. Children who had received inhaled steroid treatment before and the ones who didn't agree to participate were excluded.
Study Design
At the time of enrollment, disease characteristics of the children including number of exacerbations, requirement of nebulized bronchodilators, requirement of hospitalization days, presentation to an outpatient department or emergency department for asthma symptoms during the previous three month period were recorded. Moreover, asthma symptom score was also reported. Asthma control questionnaire (ACQ) was applied to all the children at the time of enrollment.
Heights of all children included in the study were measured via a stadiometer and weight was measured by an electronic scale under the supervision of the researchers. Weight was measured on a scale by the pediatrician in charge of the study. 
f tions are about symptoms of asthma during the previous 7 days and one question is about inhaled bronchodilator use during the same time period. The last question is about FEV 1 % predicted which is filled in by clinical staff. However, because this study included children aged between 6 and 15 and since most of the children did not cooperate with spirometry adequately, this last question was not assessed in our study. It has been shown that shortened versions of ACQ omitting the FEV 1 question is also valid in clinical trials (14) .
Patient Reported Asthma Symptom Score
Asthma symptom score that was used in this study included 5 items reflecting chronic asthma symptoms such as dyspnea, tightness in chest, day-time wheeze, nocturnal wheeze, daily performance during the previous three months period (15) . Scoring of the items increase from 0 to 3 as the severity increased. Total score is expressed as sum of all item scores.
Statistical Analysis
Chi-square test was used to compare the frequencies of gender between the obese and non-obese groups. Non-parametric tests were used to compare age means and asthma characteristics like days of hospitalization and number of exacerbations during the last three months and ACQ scores since these values were not normally distributed. Regression model was formed between presence of obesity, gender and age and ACQ score. p values less that 0.05 were regarded as statistically significant.
RESULTS
Sociodemographic Characteristics of the Study Population
Mean age of the children in the obese group (n= 71) was 8.1 ± 2.6 while that in the non-obese group (n= 27) was 8.6 ± 2.9 (p= 0.53). Gender distribution was similar between the two groups (p= 0.13) ( Table 1) .
Asthma Characteristics of the Study Population
Asthma characteristics of the obese and non-obese groups were not statistically different ( Table 2 ). Asthma symptom score in the obese group was 4.6 ± 2.6 while that in the non-obese group was 4.5 ± 3.1 (p= 0.73) (Figure 1 ). Age at onset of asthma symptoms was reported as 28.0 ± 25.6 months in obese children whereas that in the non-obese children was 35.7 ± 37.6 months (p= 0.86). Disease severity characteristics including days of bronchodilator and systemic steroid requirement as well as number of asthma exacerbations during the previous three month period were similar between the two groups (p> 0.1 for all). Number of hospitalization days and emer- gency department visits were not statistically different in obese and non-obese groups, either (0.6 ± 1.9 vs. 0.8 ± 2.2, p= 0.67 and 0.6 ± 0.6 vs. 0.7 ± 1.1, p= 0.96 respectively) ( Table 2) .
Asthma Control Questionnaire Scores of the Study Population
Children in the obese group had significantly lower ACQ scores when compared to the non-obese group (1.2 ± 0.9 vs. 1.7 ± 1.0, p= 0.04) (Figure 2 ). However, this significance was lost when controlled for age and gender in the regression model.
DISCUSSION
Asthma is more prevalent in obese individuals and both weight gain and weight loss influence asthma outcomes (2) . Therefore, it has long been hypothesized that obesity is associated with asthma but the exact pathogenesis mechanism underlying this association is unclear (2) . Some authors accuse obesity in pathogenesis of asthma while some regard obesity as the outcome and asthma as the risk factor (5) . It has been demonstrated that obesity is an important determinant of reduced lung function test results and a risk factor for atopy in children (16) . However, it has also been proposed that low energy expenditure due to the inactivity in asthma may be a risk factor for development of obesity (5) . Therefore, there are many aspects to the association between asthma and obesity. Current guidelines set the target of asthma treatment as achievement of disease control including QoL besides symptom control (7). Many previous research have evaluated control in terms of symptomatology and requirement of medications but not QoL. Achievement of asthma control requires addressing many different factors that may influence it including sociodemographic characteristics, mood of the parent and child, medication adherence and many more (10, 11) . Therefore, it is important to assess different factors that may influence asthma control besides the treatment and the aim of this study was to evaluate the association between obesity and asthma control.
There are contradictory results about asthma control in patients with asthma. An adult study failed to find an association between asthma control and obesity using four different control questionnaires including ACQ and asthma control test (3). This is similar to our results, because influence of obesity on ACQ was lost when adjusted for age and gender in our population. On the other hand, contradictory to our results, another study on adult subjects has reported that obesity was associated with worse asthma outcomes using mini-Asthma Quality of Life Questionnaire, the Asthma Therapy Assessment Questionnaire (4). This difference might be attributable to the difference in the study populations because childhood asthma has many aspects different from adult asthma.
Similar studies have been performed on children, too. One of these studies demonstrated that asthma was associated with obesity however they failed to demonstrate a correlation between obesity and disease severity (5). However, they had classified asthma as mild-moderate and moderate-severe and not according to the control level and severity is not synonymous to control (5, 17) . Similarly, another study demonstrated that obesity was more common in children with asthma when compared to the general population. However, they also did not detect a difference in asthma control measured by asthma control test between obese and non-obese asthmatics (6) . A study on adolescents with asthma demonstrated that obesity was more frequent and that was associated with higher asthma morbidity (18) . This has lead to the conclusion coexisting obesity and asthma cases a dual burden (18) . Obesity does not influence only disease severity but also response to inhaled corticosteroid treatment (19) . Our study was a crosssectional one therefore we did not analyze for response to treatment. But similar to above mentioned studies, our results indicated that ACQ scores were similar between obese and non-obese asthmatics when adjusted for age and gender. Adjustment for age and gender was performed because it has been reported that age might influence perception of asthma symptoms in children and that gender is a factor influencing asthma control (20, 21) .
Obese and non-obese children with asthma reported similar number hospitalization days, asthma exacerbations, days of bronchodilator requirement and emergence/department visits during the previous three month period. This was in concordance with the lack of difference between ACQ scores when adjusted for age and sex.
Moreover, our results did not show a significant difference in the age at onset of asthma findings and obesity. This is in contrast to the previous study in adolescent asthmatics that demonstrated a younger age of asthma onset in obese adolescents (18) . However, this might be attributed to the relatively younger age group included in our study.
The results of our study demonstrated that asthma control was significantly worse in girls when compared to the boys but subjective reports of symptom scores were similar between the two genders. This is in concordance with previous studies which have also reported that association between asthma and obesity was influenced by gender and some has reported that BMI was associated with asthma in females but not in males (21, 22) .
Major limitation of this study was the absence of lung function test results. However, the aim of the study was to assess the association between obesity and asthma control using subjective and objective questionnaire based scoring therefore spirometry was not performed. Moreover, some children younger than five years age could not cooperate to perform spirometry. The second limitation is the cross sectional design which precluded us from making causal inferences. Our results did not show a significant association between asthma control and obesity however, a prospective study that assesses the change in asthma control with the change in BMI might give more information about this association.
In conclusion, although asthma and obesity have been shown to be associated epidemiologically, the results of this study suggest that obesity is not significantly associated with asthma control when adjusted for age and gender. Moreover, asthma control is worse in females when compared to males. However, prospective cohort studies are needed to provide a more direct way of assessing the causal relationship between these two disease entities.
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